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SYNOPSIS 
of the 

Dissertation on 

"Synthesis of Cam - Follower Systems with Rolling Contact" 
Submitted in Partial Fulfilment of 
the Requirements for the degree 

of 

MASTER OF TECHNOLOGY 
IN 

MECHANI CAL ENGINEERING 
by 

R.P . TADAV 

Department of Mechanical Engineering 
I.I.T. Kanpur 
January, 1980 

In the present work, cam and the corresponding 
follower contours have been synthesised for pure rolling 
contact during rise period of a dwell- rise-dwell-re turn 
cam. It is found that the total lift of the follower has 
to.be achieved partially by rolling contact and rest by 
rolling cum sliding action. Therefore, for sliding portion 
also cam contour is synthesised, assuming the follower sur- 
face to be flat. Finally for the rise period the forces on 
the cam follower mechanism are analysed to estimate the work 
losses in the guide and at the can follower interface during 
sliding contact. The computed work-losses give the idea 
about optimal sharing for total lift by rolling contact and 
sliding action. 


CHAPTER 1 


INTRODUCTION 


1.1 INTRODUCTION 

Present - day requirements demand that machine 
components move in a prescribed exact path. Connected 
members alone can rarely fulfill these requirements. It 
is, therefore, necessary to resort to the use of misce- 
llaneous contour surfaces called cams. . Moreover cam- 
mecnanism has the virtue of being simple to design for 
prescribed input-output characteristics . For a given motion 
the synthesis of other types of mechanism is generally more 
complicated. 

The use of cams makes it possible to obtain an 
unlimited variety of motion and when certain basic require- 
ments are followed, cams perform satisfactorily for a 
sufficiently long period of time. 

Due to above mentioned characteristics of cam- 
follower mechanism, it finds its use very frequently in all 

types of machines . 

Various types of follower are in use. Important 
amongst them are knife edge follower, roller follower, 
flat face follower and curved .face follower. Its dis- 
position may be either radial or offset with respect to 
the centre of rotation of the cam and its motion is 
either translatory or oscillatory. 
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In most of the cases cams used are plate or 

disk type . 

"! .2 DSSIGIT CO ITS I DSR. A.TI 0 N 3 FOR THE SYNTHESIS OF 
CM - FOLLOWER SYSTEM 

'while designing a cam-follower system, the 
detailed study of the contours of cam and follower and' 
the characteristics of velocity and acceleration curves 
must be made. The undermentioned factors must be kept in 
mind for the design work: 

The cam almost always runs at a constant speed 
which is established by the desired values of the follower 
displacement, velocity and acceleration. 

The can- contour should be made smooth with no 
abrupt change in its curvature. The pressure angle should 
also be kept to a minimum value. 

The earn size should be as small as possible to 
minimise the cam-follower sliding velocity, surface wear 
and torque. It also results in improved balancing of the 
cam. 

The follower acceleration at high speeds should 
be as low as possible to keep the inertia forces and thus 
stresses low. The selection of the shape of the follower 
acceleration curve is also important because at high speeds 
the noise, surface wear and vibration of the cam-follower 
system is largely dependent on it. 
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The moving parts of the cam- follower mechanism 
should bo made as light in weight and as rigid as possible. 

Manufacturing methods and accuracy of cutting and 
inspection are of paramount importance in assuring the 
anticipated performance, i very small surface errors may 
cause high stresses and vibrations in the follower linkages 
at high speed. 

1.3 PREVIOUS WORK 

In the field of cam-follower design for pure 
rolling contact motion, very little work has been done. 

One of the papers available is by G.R. Veldkamp f 1~] . In 
this paper for flat face follower, the cam contour for pure 
rolling contact motion is developed analytically. However 
the work is far from being complete as the applicability 
of the system proposed by him is limited to the cases with 
oscillatory rotational motion of the cam. Moreover the type 
of the follower motion which is one of the basic criteria 
in cam-design becomes dependent. 

\.b OBJECTIVE AMD SCOPE OF THE PRESENT WORK 

The present work attempts a solution for deter- 
mining cam-contour and the corresponding follower surface 
for pure rolling contact motion, given the total lift and 
the corresponding angle of rotation of the cam. 

Instead of assuming the follower to be flat the 
surface of the follower has also been synthesised along 
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with the cam contour from the point of view of optimal 
performance . 

It was attempted with arbitrary follower motion 
during the rise period of the dwell-rise-dwell- return 
cam, hut some constraints are felt for the transmission 
of notion from cam to the follower. 

One of the constraints is that the follower 

\ 

motion during the rise period must have the increasing 
slope throughout. Under the present situation (dwell-rise- 
dwell- return cam), therefore, it is not possible to provide 
pure rolling motion for the entire rise period. Hence the 
rise period consists of initial rolling followed by a 
portion of sliding. 

Other constraint comes from the fact that there 
must be some limitations to the pressure angle. 



CHAPTER 2 


CIA - FOLLOWER SYNTHESIS FOR PURE ROLLING CONTACT 


In tnis chapter, the cam contour and the follower 
surface has been synthesised for pure rolling contact. The 
criteria used for rolling action is discussed in Section 2.1 


2.1 CRITERIA FOR PURE ROLLING 


Two bodies 1 and 2 are assumed to move relative 
to each other, as shown in the Fig. 2.1. Body 1 is taken to 
be the driver and body 2 the driven. 

P is the point of contact. The adjacent points 
on bodies 1 and 2 are designated as P-j and p£ respective!?/ - . 
The velocity of point P ^ is related to that of point P^ 
through the following relation: 




+ /p (2.1) 

r 2 /r 1 

is the velocity of point p£ relative to 


point P^ . 

For pure rolling motion, the relative velocity 
term must be- zero 


Vh 


i.e., V 
Hence equation 2.1 becomes 


/p — 0 

t 1 /r 2 


(2 .2 ) 



(2.3) 


This gives the criteria for pure rolling motion. 
It states that the points of contact, considered on either 
of the two bodies, must have the sane velocity. 
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2.2 SYNTHESIS OF THE CAM FOLLOVIER SYSTEM 
VJI '3H ROLLING CONTACT 

Here, for pure rolling contact notion the cam 
contour and the follower surface will be synthesised, using 
the criteria for rolling as discussed in Section 2.1. The 
analysis is as follows: 

The schematic arrangement of a cam-follower system 
is shown in the Fig. 2.2. h is the common plane of symmetry 
of the cam * C ' and the follower 'F', and it passes through 
the axis of the shaft of the follower, and c ^ are two 

planes coinciding with £• and rigidly connected with ’F' and 
1 C ’ respectively. 

Now, for the motion, ’"C rolls without sliding 
on the foot of ’F ' ", it is assumed that the centrcde of 
this motion be represented by C^ in plane and by 
in plane fi ^ respectively. Thus is the intersection of 
the foil over- surface with plane 6 H and C2 is the inter- 
section of the cam-surface with plane 6 which is nothing 
but the cam-contour. 

Referring to Fig 2.2, 

XOY is the co-ordinate system attached to the follower 
which is assumed to be fixed, xoy is the co-ordinate 
system attached to the cam and having its origin at the 
point A which is the centre of rotation of the cam. XOY 
and xoy axes have the same orientation, (a, b ) are the 
co-ordinates of point A with respect to the fixed axis 
XOY. 
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0 represents the angle of cam rotation, 0 "being 


taken as positive when measured clockwise . 


I.f the point of contact 'P' between the cam and 
the follower surfaces has the co-ordinates (x, y) in the 
xoy co-ordinate system and (1, Y) in the XOY system, then 
as per law of co-ordinate transformation 


X 


cos 0 

-sin 0 

a 1 

M 

Y 

_ 

! 

sin 0 

cos 0 

b i 

i ! 

I y 


i 

; j 

: I 

; ; 

0 

0 

1 j 

j 

l i 


or X = x cos 0 - y sin 0 + a 
and Y = x sin 0 + y cos 0 + b 


(2.4) 


(2.5) 


Cam-follower motion can be considered equivalent 
to the following motion: 

"Follower is assumed to be fixed, cam rotates as 
well as the point A (centre of rotation of cam) translates 
along a straight-line which is parallel to the axis of the 
follower. The translatory notion of the point 'A* is 
similar to the required motion of the follower." Now, if 
the point P^ on the follower is adjacent to P, then 


7 P = 0 , because follower is fixed. 

r 1 

This demands that 

X = 0 

and Y = 0 


( 2 . 6 ) 

( 2 .?) 


X and Y represent time derivatives of X and Y respectively. 
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differentiating first equation of (2.5) with respect 


N ow , 

to time, it gives 


X 


X cos 


0 


d0 

dt 


x sin 0 xr - y sin 0 


y c 


os 0 


d0 da 
dt + dt 


But 


d0 

dt 


and 


da 

dt 


( 2 . 8 ) 

= ce , co being the angular velocity of the cam 

da d0 
~ d0 dt 



= no • a ' , where a' 
Therefore, (2.°) becomes 



• * * 

X = x cos 0 - x . <_o sin 0 - y sin 0 - y on cos 0 +cc- a ( 

(2.9) 

But x = 0 

« 

and y = 0 

This is because of the fact that the velocity of 
any point on the cam relative to xoy axis which is attached 
to cam has to be zero. 


Hence, equation 2.9 with the use of (2.6) yields 

co-(x sin 0 + y cos 0 - a' ) = 0 (2.10) 

Eut GJ is not zero, therefore (2.10) gives 

x sin 0 + y cos 0 = a' (2.11) 

Similarly, differentiating second equation of (2.5) with 
respect to time and using condition (2-7), it is obtained 
that 




P(x ,Y) or ( x ,y ) 


FIG- 2-3 


0 



FIG 2-4 



- x cos 0 + y sin 0 


whore b' 


= b ' 


9 
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Thus, from equations 2.11 and 2.12 

x sin 0 + y cos 0 = a' 

-x cos 0 + y sin 0 = b ' 

Again, 

when the point 'P 2 ' on the cam is adjacent to P 
(Fig. 2 . 3 ), then 


— -> 
V P, 


A 


V T 


2/ i 


( 2.1 


V P2 and are respectively the velocity of points P^ an 

A relative to the axis XOY and Vp ^ is the velocity of 
point P 2 relative to the point A on the cam 

Put 

(Fig. 2 . 3 ) 


V. 


r^/A 


d< 


dt 5 


Where 

S = x i + y j ' , i and ~f* are unit vectors 

along axes x and y respectively. It is to be noted that 
they arc rotating vectors. 


Hence, 

. ^ 

V P 2 /A = dt Cx i* + y T ) 

= c x~i + y T ) + (xT + y T ) (2.15) 

But T” = cT>x x 
and 3 = cdx 3 



Moreover x = 0 = y 

Hence ( 2 . 1 5) becomes 

¥p ^ = CO* x (x i + y j ) ( 2 . 16 ) 

2 

But cC can be written as ~CO = col?, ~k* being a 
unit vector along * - axis and xyz forms a right handed 
co-ordinate system in space. 

Thus, equation 2.16 yields 


v p 2 /a 

= coH X 

(xT + y 3 ) 


or v pyA 

= CO ( X 

I*- yT) 

(2.17) 

Now, 




V I = 

• • 

a "u” + b 

9 

V 

(2 . 18 ) 


"u"*' and v” are unit vectors along co-ordinate axes 

OX and OY respectively. 

Also, for pure rolling between the cam ana the follower 
surfaces 



As 1C =0 
r 1 

Hence 

~% = 0 (2.19) 

*2 

substituting (2.16), (2.18) and (2.19) in (2. 14-), it gives 
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ut law of transformation gives 


if 

cos 0 

sin 0 

c -v 

11 

-sin 0 

cos 0 

L. J 

1 



i . o . , "T" = if cos 0 + v sin 0 

(2.21) 

and. T* = -u* sin 0 +V > cos 0 

Substituting for ~T* and 7* from (2.21) in (2. 20), it 

becomes 

• * 

(aT+ b ?‘) + CJ>. x . (-"ur*sin 0 +"Tcos 0) 

- Cx' 1 - . y . ( if cos 0 +~v* sin 0 ) = 0 

• • 

or (a - x cJ sin 0 - y-oecos 0)'li~ + ( b + x oj cos 0 - y^sin 0)~f=C 
which gives 

a - co ( x sin 0+ycos0) = O 

(2.22) 

and b + c*o( x cos 0 - y sin 0) = 0 

« 

But a = Co . a 1 
and b = OJ. b 1 

Hence equaticn s 2.22 simplify to the following form: 
x sin 0 + y cos 0 = a ! 

(2.23) 

-x cos 0 + y sin 0 = b ’ 

It is to be noted that equations 2.13 and 2.23 


are the same. 



Thus, 


1*f 


x sin 0 + y cos 0 = a ! 
and -x cos 0 + y sin 0 = b ' 

how, Equations 2.25 and 2.5 give 

a - X = b* 
or X = a - b 1 

Similarly, Equations 2.24- and 2.5 give 


Y - b = a' 

or Y = a’ + b 

Thus, 

X = a - b» 

and Y = a’ + b 


(2.24) 

(2.25) 


( 2 . 26 ) 


(2.27) 


(2.28) 


The equations 2.28 are the parametric equations 
of the follower surface ' (4 ' . 

How, multiplying (2.24) by sin 0 and (2.25) by cos 0 , and 
then substracting the later from former, it gives 


x = a’ sin 0 - b* cos 0 


(2.29.' 


Similarly, multiplying (2.24) by cos 0 and (2.25) by sin 0 
and then adding, it gives 


y = a' cos 0 + b ’ sin 0 (2.30) 

Thus, 

x = a’ sin 0 - b ' cos 0 
= a ! cos 0 + b 1 sin 0 


y 


(2.31 ) 
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This set of equations represents the parametric 
equation of the can-surface 1 . 

It is assumed that as the can rotates, its centre 
of rotation 'A* translates along a straight line ' 1 ! . Line 
'l 1 is so chosen that it is parallel to the Y - axis which 
is assumed to be the axis of follower. Under this condi- 
tion, ’a' becomes a constant and thus a' = 0. 


Taking a = a 0 , (2.28) becomes 

X = a D - V 
and Y = b 


( 2 . 32 ) 


This set of equations represents the parametric 
equation of the follower surface. 


Also, the equations 2.31 give 


X 

= - b ' cos 0 

= b 1 sin 0 

(2.33) 

y 


if 

polar co-ordinate is 

used for the cam-profile 

in the form, 

(Fig. 2.4) 


X 

= cos 0 

(2.34) 

and y 

= ^ sin Q 


(2.33) and (2 

.34) combine to give 


-b 1 

cos 0 = ? cos S 

(2.35) 

and b 1 

sin 0 = ^ sin Q 

(2.36) 

Squaring equations 2.35 and 2.36, 

and then adding gives 


2 2 


(b * 

) = 


or ^ 

•S. 

p 

II 

(2.37) 
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This is the equation of the cam-contour in polar 
co-ordinate and this form is found to be convenient for 
drawing purpose. 

Equations 2.35 and 2.36 also give 

tan Q = - tan 0 

= tan (A - 0) 

or, 0 + Q =7\ ( 2 . 38 ) 

Hence, equation 2.37 becomes 

? = b' (7t - 0) (2.39) 

The equation 2.39 can be conveniently utilised to 
get the cam contour for a given follower motion during the 
rise period. Similarly set of equations 2.32 is used to 
get the corresponding follower surface. 

2.3 soi ::: illustrative cases 

How, for rolling contact the cam- con tour end the 
corresponding follower surface will be developed for 
different cases, using the formulation discussed in 
Section 2.2. Some of the important cases are as follows: 

Case I. Follower surface specified; Under this category 
some of the important cases are undermentioned. 

A. FI at- face Follower: 

Here, given the flat face follower, the corres- 
ponding cam contour is determined. 





Referring to the Fig. 2.5? it is assumed that 


Y = m X (2.40) 

represents the followe r- surf ace . m is the slope of the 
flat-face and it is a preassigned quantity. 

Substituting ec nation 2.40 in the parametric 
equations 2.32 of the follower surface, one gets 


m (a - b'), which can be further written 
o 7 


as 


b t + 1 t) — a (2 .4l ) 

m o 

This is a first order linear differential equation 
whose solution can be written as 


b = A 1 e 


-0/m 


+ a Q m 


(2-42) 


A. is an arbitrary constant whose value is to be 
determined using suitable boundary condition. 

Tailing b = 0 at 0 = 0, equation 2.42 gives 


0 = A„ + 


1 + a 0 m 5 'which gives A-j = - a Q m 


(2.43) 


Equations 2.42 and 2.43 combine to give 

-0/m 

b = a^ m (1 - e ) 
o 


(2.44) 


This gives the equation of the follower-motion 
in terms of angle of rotation of cam. Differentiating 
both sides of the equation 2.44, with respect to 0, 
it gives 
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Then, equation 2.37 becomes 


?= a e 


-0/m 


(2 .46 ) 


But, 0 = 73- Q, as per equation 2.38 


Hence, = a Q e 


4 ("Tv — Q ) 

m 


or ^ = a Q e 


- % e/m 


or ^ e 


e/m 


-TVm 

Where, = a Q e = a constant 

Equation 2.47 represents a logarithmic spiral. 
Thus for pure rolling motion, corresponding to a flat-face 
follower the cam-contour is logarithmic spiral. The motion 
of the follower is an exponential function of 0- 


B. Parabolic-face Follower 


Here, the cam contour Is determined given that 
the follower face is parabolic. 


Referring to Fig. 2.6, the equation of the para- 
bolic contour with respect to the co-ordinate-system X Q 0 Y q 
is given by 


2 

X^ = -!f pT 

o o 

where p is an assignable constant. 

A new co-ordinate- system XOY, as 
Fig. 2.6, is chosen. With respect to XOY, 
of the parabolic contour can be written as 


(2.48) 


shown in 
the equation 




Follower face" 
Cam 


contour 


FOLLOWER FACE *. PAR ABOLI 


FIG. 2-6 
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2 

(2,3 + A ) = - 4 p (Y - r(Q 

2 

or (I3+ X) = 4 p (m,- Y) (2.49) 

(X,, -bO being the co-ordinates of the origin of XOY and it 
is on the parabola only. 

Hence, from equation 2.43, 

2 

14 = - 4 p (- m3 

2 

or lo = 4 p m 0 (2.50) 

But, Equations 2.32 give the parametric equation of the 
follower surface as 


X = a 0 - b' 


( 2.51 ) 


Substituting X and Y from (2. 51) in (2.49), it gives 

2 



+ 

a 0 - V 

) = 

^ P 

(m,,- 

b) 





) = 




1/2 

or 

U» + 

a D - b' 

2 v/~p 

(m 0 

- b 

)_ 




a o ) - 




1/2 

or 

CLD 

W z 

= (lo + 

2 /~p 

(ra„ 

- b 

) 

Putting 

= 

lo + a o 






and 

d = 

2 /T , 

above 

equa 

tion 

can 

be 1 


or 


db 

d£ 


= - d (m c - b) 


1/2 


db 


4, - d (% - b ) 


1/2 


= d 0 


Integration of both sides yields 




db 


k,,- d (m 0 - b) 


1/2 


= 0 + A, 


2 » 


( 2 . 52 ) 
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is the constant of integration v/.aose value is determined 
using the proper boundary condition. 

After integrating the left hand side of (2.52), 

it becomes 


2 k> 


In (b-p/ii^-b ) - (1 - ^ / nic - b ) j 


0 + A 2 

(2.53) 


Taking b = 0 at 0 = 0, equation 2.53 gives 


2 k > 

j 2 


in (1 - J /V.) - (1 - § /V„) 


Ar 


k Q v v 1 " ko’ 

Substituting the value of A 2 from (2.55-) in (2.53), 
it becomes 


(2.55-) 


o v f k - d /m - b . — 

i In + A C /m a - b - / Do) 


k, - d/m c 


ko 


- 0 


(2.55) 


This equation gives the type of follower motion. 
How, as per equation 2.37, cam contour is given by 


But b ’ = k - d (m. - b) 

■J 


1/2 


( 2 . 56 ) 


1/2 


Hence 

v = - d (r% - b ) 

Combining equations 2.55 and 2.57, it can be obtained 
that 


(2.57) 


2 ko 
^2 


In 


K K 


0 + 


2 £ 1 K - d /m c k- - d /m/ 
2 ! ln lc 0 kj ‘ " 


* L . 


(2-58) 



This gives the cam contour for a follower with 
parabolic surface and hence the cam contour can be plotted 


Case 2. Specified Follower Motion 

Here, for given follower notion, the can contour 
as well as the follower surface is s 7 /nthesised . Under this 
category some examples are illustrated below; 

A. Uniform follower motion; 


In this case, the follower displacement is given 
by the equation; 

L 

b = / 0 (2.59) 

^r 

is the total lift of the follower during rolling contact 
and 0 , the corresponding angle of cam rotation. 


by 


Now, as per equation 2.37, can contour is given 

which in this case becomes 



dJ 

or <?= , where k; q = ( 2 . 60 ) 

This is equation of a circle and thus in this 
case the cam contour is a circle. 

Also, from equation 2.32, the follower surface is repre- 
sented by the parametric equations 
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X = a 


o 


b' 


and 


b 


which here become 


X = - Q = c 

o -o o 


Y - 


0 


( 2.61 ) 


Under the condition specified earlier the equa- 
tions 2.61 represent a vertical straight line. With this 
cam and follower configuration, motion transfer from cam 
to the follower is not possible. Hence uniform motion of 
the follower cannot be obtained with pure rolling action. 

B . Follower displacement curve : parabolic 


Here, the follower motion is given by 
b = -§ 0 2 

Differentiation of (2.62) with respect to 0 gives 

2 L 


(2.62) 


b 


? — 


0: 


0 


( 2 . 63 ) 


Hence, as per equation 2.37 cam contour is given by the 
equation, 

2 L 




0: 


0 


( 2 . 64 ! 


Similarly, the follower surface is represented by the 
parametric equations 2.32, which in this case becomes 

2 L 


A — cl Q 

0 


0 


( 2 . 65 ) 


J r jZ 


0 : 




and X 
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Thus (2.64) gives the cam-contour and (2. S'? J 
give the corresponding follower surface. 

C. Simple Harmonic Motion of the Follower: 

In this case, the follower motion is given by 

b = y- (1 - cos -v— — ) i 0 4 . 0 -- 0 r 
a p t 

( 2 . 66 ) 


Differentiating it once with respect to ft, it gives 


V - ^ 


, X X- . 7% 0 

or ~ sin 


( 2 . 6 ?) 


Thus, as per equation 2.37 ? cam contour is given by 


7 \ 4 7^ 0 

*? = 277 sin vy 


(2 .68 ) 


Similarly, the follower surface is represented ty the 
parametric equation 2.32 which here becomes 

7 \ L. 


V — Q 

ah. — a, 


r • A 0 
b 217 Sin 


(2.69) 


and 


L -r. , . 7 ^ ft \ 

Y = jS (1 - cos — 3 — • 


Equation 2.68 gives the cam-contour and the equation a.69 
the follower surface. 

D. Cycloidal Motion of the Follower*. 

Here, the follower motion is given by tne 

relation 

, f, 1 , ln ul .) , 

h = b ( ^ - 5W sin Tf ’ 


(2.?C) 
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it gives 


Differentiating it once with respecu to 0, 


^ , 2 A 0 ' 

r (1 - cos — 0 — 


:) 

- i f i ( ) a rf\ ' 

jr 


(2.71 


13 ’ P T ■ "r 

Combining equations 2.37 2-71 car, contour 

is given by 

L_ ? TC 0n (2.72) 


U = 


- r , 2^(3) 

r (1 - cos — ic ' 

And the follower surface Is represented by the set of 
equations 2.32 which in this case becomes 

L. 


P ^ 

X = a, - ^ (1 ' cos — " ; 


V 


2 A 0 

--r" 


r 

L 


or 


X = A ' £ } + fe COS 


2 -A 0 

" 07 “ 


(2.73) 


and ? = L p ( - 2 A 


«( 1 . 2 ~\A) 

0 r - sin } 

■ r 

A hp caia contour and the set oi equations 
Equation 2.72 gives the oa- 

2.73 represent the follower sUr ^ ace * 

E. iay arbitrary type of follower motion: 

It the lifts of the follower for various angles 

p-iven, the cam contour and the corres- 
of cam rotation are gi^-? 

. po can be determined using tne 
ponding follower surface 

equations 2.37 and 2.32* 

ere sent work, for sets of values, cam 
Under the preset 

, , hp corresponding follower surfaces are 

contours ana the cor - i 

iu p conmutatioial methods, 
determined, using tne con. 
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For the transfer of motion to the follower with 
pure rolling contact action, the rise curve must have the 
increasing slope throughout. This implies that b" must 
be positive during the rise of the follower. 

This is a primary criteria and it must be ful- 
filled by each displacement diagram, otherwise the motion 
cannot be transferred to the follower. 


Now, rewriting the equation 2.32 


X = a Q - b' an d I = b 
Above equations on differentiation can give 


d X 
d Y 


b" 

i 

b 


(2.74 


But b’ and b" both have to be positive, 
therefore, 

r\ Y 

must be negative. This condition must be 
satisfied by the follower surface. It is to be noted that 
the primary limitation is that b' has to be increasing 
throughout the rise-period. 


Another limitation is that the follower motion 
should be so selected that the pressure angle should no 
where exceed a maximum allowable value. In all tne numeric 
examples the maximum allowable pressure angle has been 
assumed to be 30 ° * 



CHAPTER 3 


FORCE ANALYSIS AND WORK-LOSS ESTIMATION DURING 
ROLLING CONTACT 

In this chapter, the forces acting on the can follow 
system during rolling contact have been analysed using 
the equilibrium equations. The reactive forces in the 
guide are evaluated which in turn are used to estimate the 
work- loss in the guide due to friction. 


3.1 FORCE ANALYSIS OF THE CAM FOLLOWER SYSTEM 


In the case of pure rolling contact between cam and 
follower, the instantaneous pressure angle 1 ’ is given by, 

(Fig. 3.1) 

tan ( y - (3*1 ) 

or tan A = - if- (3 .2 ) 


But, equation 2.32 gives 
X = b ’ 

and Y = b 

which can be differentiated to obtain 


(3*3) 


(3* 14 -) 


dY _ -V. (3.U) 

dX " b" 


combining equations 3*2 and 3*5 yislds 
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UoWj for the force analysis of the cam follower system, 
different cases arise depending upon the value of X. They 
are: 

Case I : X < 0 , 

Case II : 0 cXsryh tanJ. , 

Case III : h tan,,' < X (h + l) tanh- 
and Case IV s X > (h + 1) tan ..A 

Now, different cases will he dealt separately and 
in each case jamming forces R^ and R 2 will be determined to 
evaluate the work loss in the guide. 

Case I : X ^ 0 

Referring to Fig. 3*1, considering the equilibrium 
of forces on the follower, along horizontal - axis 

R^ = R^ + N sin»v (3-7 ) 

Similarly, equilibrium of vertical components of forces 
gives 

N cos 1- = P +yu.(R-j + R 2 ) 

where P = P + k . b , is the compressive force on the 
o 

guide . 

And the moment of forces along the point A, for equilibrium 
gives 

R 2 x 1 = X (N cos ) + h (N sin„>-. ) 
or R 2 = 1 (X cos ^ + h sin ) (3*9" 

Now eliminating R 1 from equations 3*7 and 3*8, it gives 
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R, 


1 N cos-1 - P , T . ~ 

_ ^ sin: ^ 

^ JU. 


/ 

Hence, from (3*9) and (3.10) 


( 3 - 10 ) 


N 

1 


( X cos l + h sin d 


which can he simplified to give 


1 i II COS jC - P 

2 L. yh-f 


JJ _ P « 1 

(1 - 2 ~7jlT) cos .I - J1 (2h + l) sin,>' 

Substituting N from (3.11) in (3.9), it gives 

■a P (X + h tan of ) 

n 2 ~ Tl - 2 UX) -yuC2h + 1 FTahl 

Hence, equation 3*7 becomes 

r, _ P [X + (h +1) tan -.<2, 

K 1 “ IT - IT - iC(2h '+ l)'"tan.:/ 


sin^. 


(3*11 ) 


( 3 - 12 ) 


(3-13) 


Now, from equation 3*11? to avoid locking of the follower in 
the guide, ’N' must always be finite, which implies the 
denominator of (3-H) must never be zero. 

(1 - 2li X) cos 2s - U. (2h + 1) sin.-* > 0, for the 
/ ' * 

present purpose. 

This simplifies to give 


_i 2 /u (a. + n t an v ) (3*1 9 > 

1 > 1 - yU tan 

Case II: 0 < X 4 h tanoC 

Referring to Fig* 3*2, considering the equilibrium 

of forces on the follower, along horizontal d? rection 

R = R 2 + N sin.^o ( 3*1 
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Similarly , the equilibrium of vertical components of forces 
on the follower gives 

N cos,* = P +yu. (Rj + R 2 ) (3.16) 

And, the moment of forces on the follower about the point A, 
for equilibrium demands 


R-2 x 1 


R, 


h (N sin* ) - X (N cos-’- ), which gives 

(3-17) 


■vr 

j (h sin* - X cos v. ) 


Eliminating from equations 3.15 and 3*16, it gives 


R, 


1 

2 


N cos* - P 
A? 


N sin* 


(3-18) 


Hence, (2.17) and (2.18) give 


(h sin* - X cos* ) = ^ f — “ ~ w sir *] 
which simplifies to give 

11 * i^rrrrr co«* A^rcarn. nss.~ (3 - 19; 

Substituting for N from (3*19) into (3*17)? it becomes 


R« = 


P (h tan* - X) 


(2 fj. X + 1)" - M X2h’ + 1) tan* 


(3-20) 


Hence, (2.15) gives 

B _ P l~~(h +1) tan A - X _J 

R 1 ~ (2 /j.X + 1) - ,u. C2h + 1) tan* 

In the similar manner as discussed for case I, to avoid 
locking of the follower, from (3*19) 

(2 11.X + l) cos* - (2h + l) sin'. 


(3.21 ) 


0 
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which simplifies to give 


I ^ 1 /u- (h ran c^v ~~ X ) 
1 -yutan y; 


( 3 . 22 ! 


Case III : h tan<* < X^ (h +1) tan-* 

Kef erring to Fig. 3*3? the equilibrium of forces 
on the follower, along horizontal-direction gives 

+ R 2 = ^ sino<, (3.23) 

Similarly, the equilibrium of forces on the follower, along 
vertical direction gives 

N cos cA = P +U(R 1 + R 2 ) (3-24) 

And, the moment of forces on the follower about the point A 
gives 


R^ x 1 — N ( X cos^ - h sin cl ) 

or "^2 “ I X C0S:X " h si n; i ) 

Now, combining (3-23) and (3-24), it gives 

R ~ cost*. -yU. sin cX 

Substituting N from (3*26) into (3 «25) , it gives 


( 3 . 25 ) 


( 3 . 26 ) 


R, 


P (X - h tan at. ) 
*2 _ 1 Cl - /a tan C< ) 

Hence, equation 2.23 gives 


R 1 = 


^ “1 
P j (l + h) tan^ - Xj 
1 Cl i"/U.tano< J 


(3-27) 


(3.23) 
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In the similar mariner as discussed for case I, 
to avoid locking of the follower, from equation 3.19 the 
pertinent condition is 


cos oC - yu sin c< > 0 
which gives 

tan r.< < - 

h 

Case IV; When X > (h + l) tan«X 


( 3 . 29 ) 


Referring to the Fig. 3-^ ? the equilibrium of 
forces acting on the follower, along horizontal direction 
demands 


R 2 s= R-| + N sinc4 (3.30) 

Similarly, for the equilibrium of forces acting on the 
follower, the equation for the vertical direction is 

H eosrf. = P +/'- ( E 1 + V °' 31 5 

And the moment of forces about the point A, for equilibrium 


requires 


x 1 = X (N cos 1. ) - h (N sin rk ) 


or Ro 


= | (X cos oC - li sin X ) 


Eliminating R 1 from equations 3-30 and 3-31 , 

_ 1 | H cosy — + R sin tX j 
- 0 ■ _ yU J 


( 3 - 32 ) 


( 3-33 


l 2 ~ 2 

Combining (3*32) and (3*33) yields 

•vr , . . % _ 1 :/ n-T_X + u sin*. 

| (X cost! - h sin of- ) - 2 [_ jj- 
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which simplifies to give 


N 


P . 1 


yU_ (2h + 1 ) sind. - (2 ~jCL X - 1) cosd 

Substituting for N from ( 3 . 34 ) into (3.32) yields 

■o _ P_(X - h t an 1 ) 

2 /U. (2h + 1) tan! - ~(2~iu X - 1) 

And hence equation 3.30 gives 

•d _ _ P L.X - (h + 1 ) tan __ 

1 ~ jjS 2h + lTTan-u ~ ("2 yu. X - 17“ 


( 3 - 3 L ) 


( 3 . 35 ) 


( 3 - 36 ) 


As discussed in the Case I, the condition to avoid 
locking of the follower is given from the equation 3*3^ as 

yU. ( 2h + l) sin A - (2yu_X - l) cos <..< 0 


wteLch gives 


1 


2 M.(X - h tan k ) 

1 + yU.tan •*. 


( 3 . 37 ) 


3.2 WORK LOSS IN THE GUIDE 

Work loss due to friction in the guide during the 
rise of the follower is given by 


W 


gr 


i> r 

= j / a (R 1 +B 2 )db 

O ' 

But db = b ! d 0 


( 3 . 38 ) 


Hence (3.38) becomes 


W 


0r 

f 


gr 


J/Jl ( H 1 + V 


( 3 - 33 ) 


Values of E 1 and ib, are suitably taken from the different 
cases discussed earlier and work-loss is evaluated. His 
work loss gives the estimation of friction present in tne 


r* , - <* -l 



CHAPTER 4 


CAM FOLLOWER SYNTHESIS WHEN SLIDING IS PRESENT 


It lias "been established that for pure rolling 
contact between the cam and the follower surfaces, t ' must 
he increasing throughout the rise period. But in case of 
dwell-rise-dwell can this is not practicable and hence to 
do away with this difficulty the total lift of the follower 
is divided into two parts; the first part provides the 
roiling action and the second part permits sliding also. 

The synthesis of cam- follower system for pure 
rolling motion has already been given in Chapters 2 ana 3* 
Here the synthesis for the sliding part has been discussed. 

hi CAM CONTOUR SYNTHESIS WHEN SLIDING IS .ALLOWED 
BETWEEN THE CONTACT SURFACES 

Here it is assumed that the ioilower surx ace is 


flat. 

The Similar analysis is present in the book [2j 
for flat-face horizontal follower, but rn one present 
situation the follower face Is Inclined to the horizontal 
(Fig. 0.1) and hence the analysis requires some modifies- 

tions • 

Ihe basic principle of synthesis is as lollows- 
The cam is held fixed and the follower is rotated at the 

cam speed in a direction opposite to the cam. The oo- 

, T^unr' pr6 found out us function of 

ordinates of the trace-point are ..on 
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0 in convenient co-ordinate system. Then equation for the 
family of curves representing the follower surface is 
obtained. Tinally the envelope of the family of curves is 
determined to represent the cam-contour. 

Referring to the Fig. 4.1, the point R represents 
the point on the follower surface at the end of roiling 
action. Beyond this the follower surface is assumed to be 
flat-face having an inclination with the horizontal 

axis . 

Co-ordinate system xoy is chosen as shown in 
Fig. 4.1. Using the principle of inversion, the follower 
position corresponding to angle of rotation 0 is shown in 
Fig. 4.1. Referring to the Fig. 4.1, in triangles AOB and 
ACB ’ 

AB = AB ' , 

AO - AC 

and 4 AOB = 0.ACB ’ = 90° 

Therefore, both the triangles are congurent 
Thus , 

OB' = OB 

= e + b 

B’ is the trace point whose co-ordinates are, (Fig. 4.1, 

x = - fa Q cos 0 + (e + b ) sin 0 - 

and y 1 = - [(e +*> c°= * " a o sin A 


(4.2) 
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The slope of the line representing the flat face at tnis 
position is given "by 

m = tan [a - ( y + 0)j 

or m = -tan ( o( + 0) (4.^) 

Hence the equation of the line will be 

7 - y^ = m ( x - x ) (4.4) 

which on substitution of m from (4.3) in (4.4) becomes 

y - y 1 = - tan ( c*. + 0) GE - * ) 
or ( y - y., ) cos ( c* + 0) + ( x - ^ ) sin ( d + 0) = 0 

(4.5) 

Substituting for 5^ and y 1 from (4.1) and (4.2) respec- 
tively into (4.5), it simplifies to give 


y cos ( ot + 0) + x sin (o' +0) + (e + b) cos 


+ a sin ck - a^ sin ( .-A + 0) = 0 (4.6) 

Q o 

This represents the family of curves representing 
the follower surface. 

To get the envelope, the equation 4.6 is differen- 
tiated with respect to 0, it gives 

t- y sin ( ck +0) + x cos (4- +0) + b 1 cos;/. 

-r a cos ( ^ + 0) = 0 

o 

Equations 4.6 and 4.7 can be solved to giv r e 



L_ 
+ a 


o 


+ b) cos<* sin ( ■:/ +0) +b f 
sin J- sin (^ + 0) - a 0 J 


cos a cos ( * +• 0 ) 
( 4 . 8 ) 


x 



1+1 

and 

y = ~ (e + b) cos cos ( + 0 ) - b ( cos S sin (•>'•-■ +05 

+ a sin ■+- cos (■>■ + 0 ) ! (4.9) 

0 _J 

The set of equations 4.8 and 4.9 are the parametric 
equations of the cam contour for the sliding portion and thus 
they are used to get the cam contour. 

4.2 CONDITION TO AVOID CUSP FORMATION IN THE 
GAM CONTOUR 

For the flat face follower, the cam profile must be 
convex everywhere. To ensure this there should not be any 
cusp formation in the cam contour. 

The condition for cusp formation is given by 




3 MATCHING CONDITIONS FOR ROLLING AND SLIDING PARTS 


It is assumed that ^ be the radial distance of 
the cain contour corresponding to 0 p (which signifies the 
end of rolling part.) 


For the sliding part, for 0=0 equation 4.8 gives 
x q = x at 0 = 0 

— r- 2-2- 

x.e., x q = - cos .A sin<A + b^ cos A + a Q sxn A - a Q 

(4.14) 


where b. 


b ' at 0 = 0, which is taken to be A 


But matching condition demands 
x o = - ( ^ 1 - a Q ) 

Thus, from (4.14) and (4.15) it gives 

- (< ?1 - a o ) = - 

which simplifies to 


(4.15) 


2 • 2 
e cosi sin A + b’ cos <a + a Q sxn v 


2 2 

e cos A sin A + 4 0 cosck + a Q sin A = \ -j (4.16) 

Other matching condition is that y at 0 = 0 should be zero. 
This gives 

- Te cos%4 - A cosoc sin A + a„ sin A cos A j = 0 

[ > o o 

which simplifies to give 

e cos a = ( S Q ~ a G ) sin .A 

Combining (4.16) and (4.1 7 ) ? one gets 


(4.1?) 
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Then equation 4 -. 17 becomes 

e = ( ^i " a ) tancs (I+.19) 

Therefore, matching conditions are 

7 q ~ 1 (4- . 20 ) 

and e = ( {? 1 - a ) tan,* (4-. 21) 

Thus equations 4 -. 20 and 4 -. 21 provide the matching 
criteria for two portions', viz. rolling and sliding. 

4 - . 4 - FORCE ANALYSIS OF THE CAM FOLLOWER SYSTEM 
DURING SLIDING 

Here also the forces acting on the can follower 
system are analysed. The friction force at the cam and 
follower interface is calculated which is further used to 
estimate the interface work loss. The reactive forces in 
the guide are determined which in turn are used for the esti- 
mation of work losses in the guide due to friction. 

In this case, 1 *\’ the inclination of the follower 
face to the horizontal axis gives the pressure angle. 

Referring to Fig. 4 -. 2 , the equilibrium equation for 
the forces acting on the follower, along horizontal direction 
gives 

Rl - R 2 - N sin J + F cos A = 0 (4.22) 

But the frictional force is given by 
F 


= /h :t 


(4.23) 
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Hence, equation 4.22 becomes 

R 1 *- R 2 - N (sin -x cos 4 ) = 0 (4.24) 

Similarly, for equilibrium of forces along vertical direction 
the equation is 

P + yU. (R-j •+ R 2 ) = N cos 4 + F sin * 

Using (4.23) it becomes 

P +^/~L ( + R 2 ) = N (cos -x + sin 4 ) (4.25) 

Eliminating R 1 between (4.24) and (4.25), it gives 

M (cos* V^s l n. - O^ - E . ,, (sln * cos f| 

(4-. 26) 

Again, for the equilibrium, the moment of the forces acting 
on the follower about the point A gives 

R 2 x 1 - (F sin -< + N cos 4 ) x + 

(F coS'.x - N sin ) (h + y) = 0 

which gives 

TvT f — ’ 

R 2 = r ! x ^ cos + Mi S ^ n ^ + 

(sin - /jc cos --x ) (h + y )] (4.27) 

Combining (4.26) and (4.27), and simplifying, it gives 

N = 

(1-2 


x)(cos -u +/-P* sin -x 


)-yU(2h + 


2y + 1 ) (sin- 


M-^cos 



( 4 . 28 ) 
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Thus 


R, 


by substituting 
Pfx (cos ok +/-\ 


N from (4.28)' into 
sin ck ) + (sine* - 


(4.2 7) it gives 
cose* )(h + y)~] 


(l - 2fix)(cosc* +yk sine* ) - j.,1 ( 2h + 2y + 1 ) (sine* ~ /-'j_ cos 


J ) 


(4.29) 


From equations 4.24 and. 4.29, R-j can be obtained as 


R„ = 


(cos y + / J ± ) + (sine* -/ l j_ cos J ) (h +y + 


)] 


(1 - 2/U.x)(coso4 +,u- sin y. )- Lt(2h + 2y + 1 ) (sin^-A-u co 

/ / 1 . / 4 - 

(4.30) 


5 ->'• / 


In equations 4.29 and 4.30, the values of x and y are 
inserted from the relations 4.8 and 4.9. Above analr^sis is 
valid for x less than zero, which is encountered in the 
present problem. 


4.5 WORK LOSS IN THE GUIDE 

Due to friction in the guide, the work loss during 
rise of the follower with no rolling contact action is given 

by 

f s 

W gs = J ^LLOt, + a,) db 

But at = b’ d0, hence aquation 4-31 becomes 

0 s 

Wgs = j J.I (R 1 + R 2 ) b f &0 

Values -f R 1 and R 2 arc put into (4.32) from equations 
4 .29 and 4.30. 


(4.32) 
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4.6 WORK LOSS AT THE CAM AND FOLLOWER INTERFACE 


Due to friction at the cam and follower interface, 
the loss of work is given Ly the equation 
0 


W 


$*- 


- i F J { % ] + ( S } d0 


(4.33) 


Now, squaring (4.11) and then adding it gives 


( dx ) 2 / dy -j 2 

( J + ( 50 ) = 


(e + b + h") cos ^. + a Q sines, 


2 


or 


- 2 


* § > 2 + < % > 


(e + b + b" ) cos + a Q sin K 


(4.34) 


From equations 4.23 and 4.28 it becomes 

(1 - 2julx ) (cos os + / tc^ sin<* )-yU.(2h + 2y + l)(sin.s.- / U i cos \ )j 

(4.35) ; 

Thus, using (4.34) and (4.35) 5 equation 4.33 can be written 
as 


0 


W 


ft 


1 


;s jd. j_ P 1 (e + b + b" ) cosx + a Q sin 60 

(1 - 2yU.x ) (cos A +M i sin ) -ya(2h + 2y + 1 ) (sin c*-/4cc 


(4.36) 

The equation 4.36 gives the work loss at the cam-follower j 

interface. : 

Thus, the interface work loss is evaluated using the ; 
equation 4.32 and the use of (4.36) is made to estimate the ! 

work loss in the guide. The estimation of these work-loss are j 
important for design point of view. j 



CHAPTER 5 


SYNTH ESI 3 OF CAM FOLLOWER SYSTEM FOR THE RISE 
PERIOD OF A DWELL -RI SE-DWELL-RETURN CAM 
AN EXAMPLE 

It has "been discussed in the Chapter 4- that pure 
rolling action he tween the cam surface and the follower 
surface is not possible for the entire rise period of the 
Dwell-Rise-Dwell cam. Therefore the rise of the follower is 
contributed initially by the roiling action and finally 
sliding is also permitted to occur between the contact sur- 
faces. Thus cam synthesis for the rise period had to be done 
in two parts, part one "with rolling action" and part two 
"when sliding is permitted". 

If L is the total lift of the follower for an 
angle of rotation of the cam, then it is assumed that 
lift L^ is contributed by rolling action (corresponding angle 

of cam rotation is 0 ) and the remaining lift 'L ' is con- 

r & 

tribute! by sliding (corresponding angle of rotation is 0 g ) 
Obviously, 

L = L r + L s (5'.1) 

and 0 Q = 0 r + 0 S ( 5 « 2 ) 

5.1 CAM FOLLOWER SYNTHESIS WHEN SLIDING EXISTS 

The follower motion is taken to be represented 
by the following equation 

b = L c sin ( 5 . 3 ) 

s 2 JcL 

o 
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Differentiating it once with respect to 0, 
b ' : 

From equation 4.20, the matching condition demands 


TV L s _ . _ A 0 

T T cos 2~W S 


(5 * 4 ) 


b’ at 0 = 0 = V 


1 


Therefore, from 




*. L 

A S 


2 K 


(5-5) 


From equation 4.13, to avoid cusp formation the condition 


IS 


(e + b + b») + a Q tan X t 0 
But from (4.21), e = ( ^ tan 

Hence equation 5*6 gives 

b + b" + ^ tan A > 0 


(5-6) 


( 5 - 7 ) 


Here. 


Z_ ) 2 sin , from (5»*+) ) 


b" = Lg ( 2T ^ Sin 2^1 5 
Substituting the expression for b and b" into equation 5-7, 


it gives 


A 0 


JJ s sin 2~1% -s 

S', 


A: ^ L o ( 2~W~ ^ sin I~0T + taR A A 0 
3 


’i 


( 5 . 9 ) 


The relation 5-9 will be true for all 0, if it is trie 
for 0 = 0 • 


i .e , 


L c " L S ( 2 ~t 


A ) + ^ tan A 0 


or 


V, tan * > L s v 2 07 


n *34 ) - i)! 


(5. ICO 



Substituting the value of P 1 from equation 5.5 
into equation 5*10, it gives 

I r ta n > L s f( ) - 1 J 

which simplifies to give 

tan X > ( ~j~ - 0 s ) (5.11 ) 

s 

To limit the pressure angle ' 1 1 to the value less 

than 30 °, 0 which is angle of rotation of the cam during 
s 

sliding must be atleast equal to ? 0 ° . In the present example, 

the angle ' 0 ’ is taken to be 70 ° for which << comes to be 
s 

equal to 2 7°. 

5.2 CAM FOLLOWER SYNTHESIS WHEN THERE IS PURE ROLLING 

In this part, the equation representing the 
follower motion is given as 

* = 1 0 n 0-12) 

The exponent ! n’ in the equation 5-12 must always be taken 
greater than unity. This is in conformity with the limita- 
tions discussed in Chapter 2. 

Now, differentiating (5-12) once with respect to 

0, it gives 

L ri 1 

i « r ! 

b’ = n 0 

P 

r 

But b » at 0 = 0 is Vi? therefore (5- 13) gives 

x J ! 


( 5 . 13 ) 



or 



L 

tf' 1 


p, 

r 

- n . 


n 

05 

r 



r 




L_ 



?1 

11 

d 

• 

, which gives 



?1 0 r 


c;« 

n 

" L r 




Substituting the value of ^ from (!?♦!?) a - m 


(5.14), it gives 


n - 


■•fir L 
2 L, 


0 r 

K 


(*•. 


5.3 NUMERIC AXi EXAMPLE ■ 

For a total rise of 4 cm during 150° angle of tv. 
rotation, the cam contour and the follower surface are s-, 
thesised, for different percentages contributed by rolli;.. 
and sliding. The cam contours and the follower surfaces ■■ 
shown in the Figs. 5*1? 5*2 an< ^ ^*3* 

In each case the work loss in tne guide due to 
friction is calculated. In case of sliding portion lire 
interface loss between the can and follower has also b„„„ 
calculated. The results are presented in the table 3>1 ^ 

plotted in the Fig. 5*^* 

Referring to the Fig. 5-4, it has been noti Ce0 
that for a given lift, the percentage contributions by 
rolling action and sliding portion fall in a zone i n 
of minimum work losses. 





CHAPTER 6 


RESULTS, DISCUSSiOH AND CONCLUSxON 


6.1 RESULTS AND DISCUSSION 

The cam contour and the corresponding follower 
surface have been synthesised for pure rolling contact 
during rise period of a dwell-rise-dwell-return cam. 
found that under present circumstances (dwell-rise-dwell- 
return-cam), the total lift of the follower cannot he achie- 
ved ty pure rolling contact. Therefore, a fraction oi the 
lift is allowed to he contributed hy rolling cun sliding 
contact between the cam and the follower surfaces. For 
sliding contact also cam contour is synthesised, taxing 

follower face to he flat. 

in cam-follower action, worX-losses are incurred 

primarily at the cam - follower interface during the sliding 

* j t 4 - n q fmmd t-iat, ii total XiiX 
contact and in the guide. It is found ana 

of the follower is contributed by sliding contae t al i 

work-losses are enormous. But partial contribution ty 

. . ]>is o roves 

rolling contact brings down the worn l°-<-s. - - 

„ ro 1 l i ne contact. As the per- 

tho advantages of providing ro. j— fe 

oentage contribution of lift by rolling contact is increased 
it is found that the work-losses start increasing begone 
a certain percentage (in the discussed numerical example 
it is 37-5,0. This is duo to the observed increase m 

pressure angle* 


0 
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However, this result is being depicted on the 
basis of one numerical example. But it is expected tnao tne 
work-losses will decrease, if the percentage contribution 
by rolling contact increased up to a practicable value, 
keeping other parameters within a normal limit. 

6.2 CONCLUSIONS 

From the present work on cam-follower synthesis 
with rolling contact, following conclusions can be drawn: 

1 . Though mathematically : t is possible to synthesise can 
and the corresponding follower contours for entire rise 
period of a dwell- rise-dwell-return can, but for the 
transfer of motion a fraction of the lift (later part; 
has to be contributed by rolling-cum-sliding contact. 

2. In view of minimum work-loss, the respective percentage 
contribution by rolling contact and sliding action for 
the total lift can be worked out. 
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TABLE 1.1 s Elat - Face Follower 

The numerical values are as follows: 

* = 1 50° 

m = tan :*■ = -0 . 5774 , 
a Q = 2 cm 

Hence, equation 2.45 "becomes 


S .No . ] 

ft (deg.) 

r 

5 _ 

^ (cm) 

1 

0 


2.000 

2 

10 


2.706 

3 

20 


3 .662 

4 

30 


4.952 

5 

40 

* 

6.702 

6 

50 


9*066 

7 

60 


12.266 


Cam and the corresponding follower contour 
are shown in the Fig. 2.5* 



TABLE 1 .2 i Follower - Face Parabolic 
The numerical values are as follows i 
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a = 2 cm, 

o 

p = 4 cm , 

and. m c = 2 cm, which gives 

1o = 5*656 cm., 

= 7 . 656 cm., 

and. d. = 4 cm. 

Solution of equation 2.58 gives 

S .*oT ^ (beg ♦ ) | 5 

2.00 

2.60 

3*55 
5.10 


1 0 

2 10 

3 20 

If 30 


The cam and the corresponding follower contour 
the Fig. 2.6. 


is shown in 
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TABLE 1.3 : Follower Motion : Parabolic 

Numerical values are as follows 



a o ~ 

2 cm, 







L 

r 

2 cm 






and 0 r = 

90° 









T 

3 

JL_ 

l 

b 1 (cm/rad ) 0 

J 

■ - - ■ ' 

I 

I 

- * — 

I 

S .No. 0 

5 

IT 

0 (deg ) 5 

0 

b (cm) 

X (cm) 

Y (cm) 

1 

0 

0.000 


0.000 

2.000 


0.000 

2 

10 

0.025 


0.283 

1.717 


0.025 

3 

20 

0.099 


0.566 

1 .434 


0.099 

4 

30 

0.222 


0.849 

1 .151 


0.222 

5 

40 

0.395 


1 .132 

0.868 


0.395 

6 

50 

0.617 


1 .41 5 

0.585 


0.617 

7 

60 

0.889 


1.698 

0.302 


0.889 

8 

70 

1 .210 


1 .981 

0.019 


1 .210 

9 

80 

1.580 


2.264 

-0.264 


1 .580 

10 

90 

2.000 


2.546 

-0.546 


2.000 





— - 

... ' 

- 


- - ■*- - 


Cam and the corresponding contours are shown xn 


Fig. 2.7. 




Follower face 


Cam contour 


followed PARABOLIC 


FIG- 2-7 


Scale : 

1 cm =0*5 cm 


3 


TABLE 1 .4- : Follower Motion : SHM 
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The numerical values are as follows: 
a Q = 2 cm, 

L r = 4- cr 

and 0 p = 1 8 °° 




- — " T*~** 

- ^ 



S .No . jj 

0 (deg) (cm) 5 

b '• (cm/ rad ) jj 

X (cm) 

X 

1 

0 

0.000 

0.000 

2.000 

2 

10 

0.030 

0.3^7 

1.653 

3 

20 

0.121 

0.684 

1 .316 

4 

30 

0.268 

1 .000 

1 .000 

5 

4-0 

0.4-68 

1 .287 

0.713 

6 

50 

0.714- 

1.532 

0.468 

7 

60 

1 .000 

1 .732 

0.268 

8 

70 

1 .316 

1 .879 

0.121 

9 

80 

1.653 

1 .970 

0.030 

10 

90 

2.000 

2.000 

0.000 


Cam and the corresponding follower contour 
shown in Fig. 2.8. 


J (cm) 

0.000 
0.030 
0.121 
0.268 
0.4-68 
0.714- 
1 .000 
1 .316 
1.653 
2.000 
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TABLE 1.5 : Follower Motion : Cycloidal 

The numerical values are as follows. 


a. 


= 2 cm , 


L = 4 cm 

and K = 180° 


— ~7i — T“7 N 5 Z 7ZT) F t) ' (cm/rad rf X (cm) j 

S.Ho.S 0 (deg) fi b (cm; _J 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


0 

10 

20 

30 

4-0 

50 

60 

70 

80 

90 


0.000 

0.004 

0.035 
0.115 
0.262 
0.484 
0.782 
1 . 14-6 
1.560 
2.000 


0.000 
0.077 
0.298 
0.637 
1.052 
1 .494 
1 .910 
2 . 24-7 
2 . 4-70 

3.7M+ 


2.000 
1 .923 
1 .702 
1.363 
0 . 94-8 
0.506 
0.090 
- 0 . 24 - 74-8 
- 0 . 4-70 
- 0 . 74 - 4 - 


0.000 
0.004 
0.035 
0.115 
0.262 
0.484 
0.782 
1 .146 

1 .560 

2.000 


onnnriins follower contour are 
Cam and the corresponding 

shown in Fig. 2.9* 





X-axis : 1 cm = 1 cmj 
V- axis : 1 cm =10 crrl 


DISPLACEMENT DIAGRAM 


^caie 
«C m : 


r uttu Wer face 

C am contour 
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NUMERICAL EXAMPLES : CAM-FOLLOWER SYNTHESIS 
TABLES 2.1 

The numerical values used are 

L r = 1 cm, L g = 3 cm. 

0 r = 80°, 0 s = 70° 

and a Q = 2 cm. 

a) Synthesis for Rolling Part 


S .No . jj 

0 (deg ) | 

b (cm) 

jj" b ' (cm/rad)|" 

X (cm) 

| Y (cm) 

1 

0 

0.0000 

0. 0000 

2.0000 

0.0000 

2 

10 

0.0001 

0.0004 

1 .9996 

0.0001 

3 

20 

0-.0006 

0.0008 

1 .9992 

0.0006 


30 

0.0051 

0.0523 

1 .9 if 77 

0.0051 

5 

4-0 

0.0239 

0.134-5 

1 .8155 

0.0239 

6 

50 

0.0796 

0. if 910 

1 .5090 

0.0796 

7 

60 

0.2124 

1 . 0922 

O. 9 O 78 

0.2124 

8 

70 

0 . if 871 

2.14-73 

-0.1473 

0 .4871 

9 

80 

1 .0000 

3-8569 

-1 .8569 

1 .0000 


b) Synthesis for Sliding Portion 


S.No. 

(deg) ^ 

b (cm) 

T 

5 

x (cm) | 

y (cm ) 

1 

0 

0.0000 


- 1 .3571 

0.0000 

2 

10 

0.6676 


- 2. 0877 

0.1429 

3 

20 

1 .3016 


-2.2406 

0.2793 

4- 

30 

1 .8704 


-2.3297 

0.3920 

5 

40 

2.3455 


-2.3729 

0.4716 

6 

50 

2.7029 


-2.3882 

0.5173 

7 

60 

2.9248 


-2.3912 

0.5357 

8 

70 

3.0000 


-2.3912 

0.5392 

Cam 

and the follower 

contours 

are 

shown in Fig. 

5-1 - 








gd-nj onva-Toj ro ^ | is: \o oo-^o crsvn-f-u; 
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TABLES 2.2 

The numerical values used are 

L = 1*5 cm, L = 2.5 cm, 

x O 

0 r = 8d°> d s = 70° 

and a Q = 2 cm. 

a) Synthesis for Rolling Part 


(deg) | 

b (cm) 

| b' (cm/deg) 

| X (cm) 

s 

0 

!H 

jo O 

0 

0.0000 

0.0000 

2 . 0000 

0.0000 

10 

0.0030 

0.0511 

1 .9489 

0.0030 

20 

0.0237 

0.2031 

1 .7969 

0.0237 

30 

0.0797 

0.4556 

1 .5444 

0.0797 

40 

0 . 1 885 

0.8080 

1 .1920 

0.1885 

50 

0.3676 

1 .2603 

0.7397 

0.3676 

60 

0.6343 

1 .8122 

0.1878 

0.6343 

70 

1 .0059 

2.4635 

-0.4635 

1 .0059 

80 

1 . 5000 

3.2142 

-1 .2142 

1 .5000 


Synthesis for Sliding Part 


o. 


0 (deg ) | 

b (cm) 

| x (cm) 

| y (cm) 

0 

0.0000 

-1 .2143 

0.0000 

10 

0-5563 

-1 .4064 

0.1191 

20 

1 .0847 

-1 *5339 

0.2326 

30 

1 -5587 

-1 .6081 

0.3267 

40 

1.9546 

-1 .6441 

C.3930 

50 

2 .2524 

-1 .6569 

0.4311 

60 

2.4373 

-1 *6593 

0.4464 

70 

2 . 5000 

-1 *6593 

0.4493 


Cam and the corresponding follower contours are 


shown in the Fig. 5-2 
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TABLES 2.3 


The numerical values used are 



11 

Jh 

t— 1 

2 cm, 

L s 

= 2 cm, 


II 

°cT 

CO 

K 

°o 

(N 

II 

and 

a o = 

2 cm. 



a) Synthesis 

for Rolling Part 




S . No . ^ 0 (deg)~|' b (cm) | b 1 (cm/deg ) | X (cm) J Y (cm) 


i 

0 

0.0000 

0.0000 

2.0000 

0.0000 

2 

10 

0.04-78 

0.V921 

1 .5079 

O.OV73 

3 

20 

0.1660 

0.8539 

1 .1V61 

0.1 660 

if 

30 

0.34-38 

1.1786 

0. 0821 2 

0.3V38 

5 

VO 

0.5763 

1 .4-818 

0.5182 

0.5763 

6 

50 

0.8602 

1.7695 

0.2305 

0.8602 

7 

60 

1 .1933 

2 . 04-56 

- 0 . 0 V 56 

1 .1933 

8 

70 

1 .5737 

2 . 312 V 

-0.312V 

1 -5737 

9 

80 

2.0000 

2.5714- 

-0.5714- 

2.0000 

b) 

Synthesis for 

Sliding Part 


| y (cm) 


S .No 

>. jj 0 (deg) 

| b (cm) 

x (cm) 



1 

0 

0.0000 

-0.571V 

0.0000 

2 

10 

0 .VV 59 

-0.7213 

0.0953 

3 

20 

0.8676 

-0.8271 

0.1862 

V 

30 

1 . 2 V 70 

-0.8365 

0.261V 

5 

V 0 

1.5636 

-0.9153 

O.31VV 

6 

50 

1 .8019 

-0.9255 

O.3VV8 

7 

60 

1 .9V99 

- 0 . 927 V 

0.3571 

8 

70 

2.0000 

-0.9275 

0.3595 


Cam and 

the corresponding 

follower 

contours are 


shown in Fig. 5*3 




Notations : 


1 Cam contour for rolling contact 

2 Follower face for rolling contact 

3 Cam contour when sliding is present 

4 Follower face when sliding is present 


F !G • 5*3 
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TABLE 3-1 : ESTIMATION OF WORK - LOSSES 


The numerical values are as follows: 


L : 

- If 

cm 5 

a o 

= 2 cm, 

"tSL 

O 

li 

150 ° 


P o : 

= 10 kgf , 

k 

= 40 kgf/cm, 

JLX - 

0.25, 


M i : 

= 0 

.3 

h 

= 4 cm 

1 = 

8 c n * 


S .No . | 

L" 

r 

cm 

P s 1 % 

5 cm f 

~r~ 

i 

i 

0° * W 
s l gr 

kgf-cm 

I vj 'gs 

1 ksf-cm 

r, \ 

1 w i I 

kgf -cm iS 

'/J 

s 

kgf-cm 

1 1 

.0 

3.0 80 


70 8.6368 

3.8702 

16.1421 

20.0123 

2 1 

.5 

2.5 80 


70 30.7696 

2.1136 

10,9984 

13.1119 

3 2 

.0 

2.0 80 


70 387. 1607 

1 .0198 

7.0365 

8.0563 

4 0 

.0 

4.0 0 


150 0 

2.8069 

255.3097 

258.3097 

Notations used are as follows 

© 




W 

gr 

= 

Work-loss in 

the 

guide during 

rolling contact 


W 

gs 

= 

Work-loss in 

the 

guide during 

sliding p 

art 


W. 

= 

Work loss at 

the 

can follower 

interface 

during sliding 


- 

Total, work loss 

during sliding 

; portion 





